Abstract
INTRODUCTION
The metastatic dissemination of a solid tumor to the brain is generally associated with a poor prognosis [1] . The most common primary tumors metastasizing to the brain are breast and lung cancer, whereas patients with other primary tumors, e.g. tumors of the gastrointestinal tract, rarely present with brain metastases [2] [3] [4] . Furthermore, within the group of gastrointestinal tumors, the incidence of brain metastases shows notable differences. They are extremely rare in esophageal tumors [5, 6] , but more common in rectal cancer. Few literatures concerning this group of patients are available and therefore prognosis and hence treatment strategies remain controversial.
We retrospectively evaluated patient-, tumor-and treatmentrelated variables in patients with brain metastases of primary tumors of the gastrointestinal tract (i.e. epithelial tumors of the esophagus, stomach, colon, sigma, and rectum) who were treated with whole brain radiation therapy (WBRT) at our institution. The aim of the study was to identify the prognostic factors with regard to the endpoint survival.
MATERIALS AND METHODS
The records of all patients with brain metastases, who were treated with WBRT at our institution between January 1985 and December 2000, were analyzed retrospectively. Brain metastases were detected by contrast-enhanced cerebral computed tomography (CT) (n = 43) or magnetic resonance imaging (MRI) (n = 14).
WBRT was performed in 16 patients with cobalt 60 gamma rays, and in 41 patients with 6 MV photons of a linear accelerator. During the study period two fractionation schemes were used: conventional fractionation with daily fractions of 2 Gray (Gy), five days per week to a planned total dose of 50 Gy (n = 42) and since 1997 hypofractionation with daily fractions of 3 Gy, five days per wk to a planned total dose of 30 Gy (n = 15). None of the patients underwent a chemotherapy during WBRT.
The recursive partitioning analysis (RPA) was used to classify the patients with brain metastases [7] . Class I contained all patients with a Karnofsky performance status (KPS 70, age < 65 years, a controlled primary tumor and no extracerebral metastases), Class III contained all patients with a KPS <70, and Class II contained all other patients.
All patients alive at the time of analysis were censored with the date of last follow-up. The endpoint of the study was overall survival. Survival was calculated from the first day of radiotherapy using the method of Kaplan and Meier. Survival curves were compared using the log-rank test. All factors with a P-value 0.1 at univariate analysis were entered into a multivariate analysis using the proportional hazards model.
RESULTS

Patient characteristics
Fifty-seven (6.2%) of the 916 patients presented with brain metastases from a cancer of the gastrointestinal tract. The exact localization of the primary tumor is shown in Table 1 . None of the patients had an esophageal tumor, the most common primary site was rectum (n = 24) and colon/sigma (n = 23). In all patients, histology obtained either from the primary tumor, brain metastases or from extracerebral metastases, was adenocarcinoma. All patients presented with extracerebral metastases, mostly of the lung and/or the liver. Grouped according to the RPA classes, none of the patients met the criteria for class I. Twentynine patients (51%) met the criteria for class II. Twenty-eight patients (49%) presented with a KPS <70, and therefore belonged to RPA class III.
Patients with a primary tumor of the gastrointestinal tract presented with a solitary brain metastasis significantly more often (46%) than patients with other primary tumors (30%) (P < 0.05, χ 2 ). In patients with a primary tumor of the gastrointestinal tract, 25% (14 of 43 patients) had a solitary metastasis localized in the cerebellum, whereas the localization of solitary metastases in the cerebellum in patients with other primary tumors was 5% (42 of 805 patients). This difference was statistically significant (P<0.01). Other locations of brain metastases were not significantly different between these two groups.
The time from the diagnosis of primary tumors to the diagnosis of brain metastases was 16.3 mo, 27 mo, and 20 mo in patients with gastric carcinoma, colon carcinoma , and rectum carcinoma, respectively, and showed no statistically significant difference. Compared with patients with other primary tumors, patients with primary tumors of the colon/rectum had a significant longer interval between the diagnoses of primary tumors and brain metastases (22.6 mo vs 8.0 mo, respectively, P<0.01).
Survival data
The median overall survival (OS) time for patients with a primary tumor of the gastrointestinal system was 3.2 mo and showed no significant difference compared to the overall survival time of 3.5 mo for patients with brain metastases and other primary tumors (Figure 1) . OS rate for patients with gastrointestinal tumors was 49%, 30%, and 7%, at 3, 6, and 12 mo, respectively. Within the group of gastrointestinal tumors, patients with a primary tumor of the stomach, colon/sigma, and rectum had a median OS time of 2.7, 5.2, and 3.2 mo, respectively. This was not a statistically significant difference.
Prognostic factors
The potential prognostic factors tested for significance in univariate analysis were sex, age ( /< 65 years), pretherapeutic performance status (KPS /< 70), number (single vs multiple) and distribution of brain metastases (Table 2) , extracerebral tumor activity (yes vs no), resection status (operation yes vs no), and fractionation scheme (conventional fractionation vs hypofractionation). The fractionation scheme (2 Gy daily, 50 Gy total dose vs 3 Gy daily, 30 Gy total dose) showed no statistical significance for OS.
Three factors had a P-value 0.1 in univariate analysis and were entered into multivariate analysis: pretherapeutic performance status, number of brain metastases, and resection status. Concerning the OS, patients with a KPS 70 had a median OS time of 5.5 mo vs 2.1 mo for patients with a KPS < 70 (P<0.01) (Figure 2 ). The same values were found by comparing the patients in RPA class II vs RPA class III. The median OS time for patients with a solitary metastasis was 5.8 mo and 2.7 mo for patients with multiple metastases (P<0.01) (Figure 3) . The median OS time for patients with resection of brain metastasis was 6.6 mo and 2.7 mo for patients without resection (P<0.01). In the first multivariate model limited to pretherapeutic variables, the number of brain metastases (single vs multiple, relative risk [RR] 0.63, 95% confidence interval [KI] 0.45-0.88) and the KPS ( 70 vs <70, RR 0.59, 95% KI 0.42-0.82) turned out to be independent prognostic factors. In the second multivariate analysis we added the therapeutic variable 'resection'. The KPS and the number of brain metastases were still independent prognostic factors (RR 0.59, 95% KI 0.43-0.79, P<0.01 and RR 0.65, 95% KI 0.45-0.90, P<0.05 respectively), whereas resection status was not a prognostic factor.
DISCUSSION
In our series, 6.2 % of the patients treated with WBRT presented with a primary tumor located in the gastrointestinal tract. None of the 916 patients had a primary esophageal carcinoma. Brain metastases from esophageal carcinoma were extremely rare, with a reported incidences of approximately 1-5% in autopsy series [8, 9] , and approximately 1-4% in clinical series [5, 6, 10, 11] . In ten patients the primary tumor was a gastric carcinoma. The majority of publications on brain metastases from gastric carcinoma were case reports [12] . Two large studies found 0.7% of 3 320 patients, and 0.16% of 8 080 patients with gastric carcinoma to have brain metastases [13, 14] . In an autopsy series by Poser and Chernik, 5 of 46 patients (10.8%) with gastric carcinoma had brain metastases [2] . The rarity of brain metastases both from esophageal and gastric cancer might result from the grim prognosis of these tumor entities [15] . In esophageal cancer, brain metastases tended to occur in patients with large primary tumors [5] , usually implicating a short overall OS time. The low incidence in clinical trials might further result from an inadequate diagnostic evaluation, and symptoms indicating brain pressure like nausea and vomiting might be attributed to the primary tumor [14] . The reason for the relatively high incidence of brain metastases from gastric cancer in our group is not clear. Gastric carcinoma is rare in Europe compared to Asian countries. In half of our patients gastric carcinoma was a gastric cardia carcinoma, and recent studies suggested, that they were distinct from adenocarcinomas of the esophagus and stomach regarding epidemiological and biological factors [16] [17] [18] . These differences could possibly be associated with other pathways of metastatic spread, resulting in a relatively higher incidence of brain metastases.
Forty-seven patients had a primary colorectal carcinoma. The incidence of brain metastases in colorectal cancer ranged 2-10% in clinical studies [19] [20] [21] . As observed in other studies [14, 21, 22] , the majority of primary tumors in our patients were located in the distal parts of the colon, i.e. sigma and rectum (64%). Significantly more patients with colorectal primary tumors presented with cerebellar metastases compared to patients with other primary tumors (25% vs 5%, respectively, P<0.01). Studies by Wronski and Alden confirmed this finding, with a frequency for infratentorial location of 35% and 55%, respectively [21, 23] .
The relative over-representation of cerebellar metastases in colorectal carcinoma might be due to tumor spread by way of the vertebral system (i.e. Batson's plexus), bypassing the lungs [24] . The two other possible routes of hematogeneous dissemination of colorectal cancer to the brain were via the rectal vein plexus to the inferior vena cava, bypassing the liver, or via the portal veins to the liver and lung and then to the brain [20, 25] . The incidence of pulmonary metastases in our patients with colorectal cancer was 50% (23/46 patients), which was clearly higher than the approximatley 30% for patients with metastatic colorectal cancer [26] , an observation also made in others [19] [20] [21] . Presumably the rectal plexus of veins, draining into the inferior vena cava and subsequently the lung are also an important route for tumor spread to the brain.
The interval between the diagnosis of primary tumor and brain metastases in our study group for patients with gastric and colorectal carcinoma was significantly longer (22.6 mo) than that for patients with other primary tumors (8.0 mo). Although only few larger studies on patients with colorectal carcinoma and brain metastases are available to date, all reported a late onset of brain metastases, with a period ranging 21-36 mo between detection of primary tumors and diagnosis of brain metastases [19] [20] [21] 23, [27] [28] [29] (the larger studies on gastric cancer did not give detailed information on this topic [13, 14, 30] ). Corresponding to the late onset of brain metastases in the clinical course of gastric and colorectal tumors, all of our patients had further extracerebral metastases (consequently none of our patients was qualified for RPA-class I). The high rate of extracerebral metastases was confirmed by most authors [19] [20] [21] [22] [23] 28, 31, 32] and even represented the most important prognostic factor in the study of Nieder et al. [31] . Although the onset of brain metastases in our patients with gastrointestinal tumors was late, and the systemic disease was advanced, its median OS time was not statistically different from the median OS time of patients with brain metastases of other primary tumors (3.2 vs 3.5 mo, respectively). It was comparable to the median OS time for patients with brain metastases and colorectal carcinoma or gastric carcinoma treated with WBRT seen by others, which ranged from 2.0 to 3.6 mo for colorectal carcinoma [20, 22, 23, 32] and approximately 2 mo for gastric carcinoma [13, 14] . Hasegawa, in contrary, found a shorter survival time in a radiosurgically treated series of patients with gastrointestinal tumors compared to patients with other primary tumors [27] . Several authors described a longer median OS time of approximately 9 mo for patients who underwent surgical resection of brain metastases as a sole treatment or followed by radiotherapy [21, 22, 27, 32, 33] . Whereas resection of brain metastases seemed to be a favorable prognostic factor in our patients in univariate analysis, it was not statistically significant in multivariate analysis.
The independent factors correlated with a better prognosis in our multivariate analysis were a KPS 70, and the presence of a solitary brain metastasis. It has been widely accepted that the pretherapeutic performance status is one of the most powerful predictive factors for the survival of patients with brain metastases [7, [34] [35] [36] [37] [38] which could be validated for patients with brain metastases from gastrointestinal tumors in our study group. The more favourable prognosis for patients with primary tumors of the gastrointestinal system presenting with a solitary brain metastasis was also found by Farnell et al. [32] , whereas others only found the surgical resection of brain metastases to be associated with a better survival [19, 23, 27] . In our second multivariate analysis, including the therapeutic variable 'resection' status could not be identified as an independent prognostic factor, as mentioned above. In order to diagnose brain metastases in an early phase, in which a resection could still be possible, discrete symptoms hinting cerebral tumor spread should be taken seriously.
A basic problem concerning treatment recommendations for patients with brain metastases of gastrointestinal tumors is that to date only few retrospective studies with a relatively small number of patients are available. Therefore, the results concerning the prognostic factors should be regarded with caution. The different prognostic factors from each study should be kept in mind when considering a therapeutic concept for individual patients.
In conclusion, brain metastasis is a late event in the course of gastrointestinal tumors, and it occurs later as in patients with other primary tumors. However, the overall survival time is comparable to patients with brain metastases from other primary tumors. Independent prognostic factors in our group were KPS and the number of brain metastases.
